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Abstract 
Combining with empirical method, sector classification, locations of catering industry and comprehensive method, it 
curve fits and calculates the discharge of Beijing restaurant wastewater from 2004 to 2007 by four fitting formula, 
logarithm, Linear, power exponent and exponent, and then analyze the precision, propose the best calculation way of 
each forecast method. Compared with the curve fitting, the pessimistic modeling is more precise. It is suitable to 
forecast the discharge of Beijing restaurant wastewater. Finally, it got the prediction of the discharge of restaurant 
wastewater from 2008 to 2012 in Beijing, and provides a basis for forecasting the discharge and treating the 
restaurant wastewater.  
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1. The harm of restaurant wastewater 
Restaurant wastewater contains high density organic, suspended substance, grease and so on. By 
monitoring the water quality of school cafeteria wastewater in Beijing University of civil engineering and 
architecture, we got the discharge of the pollutants shown as Table 1. 
Table 1 the discharge of the pollutants 
Index patterns COD SS Grease pH Conductivity 
Average( mg/L) 3063 538 426 7.5 899μS/cm 
Sewage discharge(m3/d) 106.8thousand   
Pollutant discharge(t/d) 327.1 57.5 45.5   
It can be seen from Table 1, according to the water quality of school cafeteria wastewater in Beijing 
university of civil engineering and architecture, the discharge of COD, SS and grease will reach tens tons, 
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even hundreds tons per day. These pollutants do serious harm to the environment and human health. The 
catering wastewater not only increase the load of wastewater treatment plants, affect the discharge 
capacity of urban drainage pipe, add the pipe clearing cost, and deteriorate the water quality, threaten the 
environment and human health. Therefore, it is urgent to treat the restaurant wastewater. It has 
environmental benefit and social benefit to treat wastewater effectively, which not only protect ecological 
environment, and also relieve the harm to the urban drainage pipe. 
2. Emission form of restaurant wastewater in Beijing 
By researching the catering industry in Beijing, we summarize some main emission form of restaurant 
wastewater shown as Table 2. 
Table 2 Emission form of restaurant wastewater in different scales 
Restaurant types Emission form 
Snack bars, small restaurants Restaurant wastewater---urban drainage pipe 
Moderate restaurants 
Restaurant wastewater---oil - separating tank---
urban drainage pipe 
High class restaurants(four-star, 
five-star) 
Restaurant wastewater---oil - separating tank---
urban drainage pipe 
 
It can be seen from Table 2, oil - separating tank is the only way to treat wastewater of medium or 
medium above restaurant in our country. In real research, we find that, for various subjective and 
objective reasons, owners always adopt primitive oil-separating facilities with low oil-separating 
efficiency. What’s more, many small restaurants don’t have any oil-separating facilities, which lead 
restaurant wastewater discharge directly. The pollutants of restaurant wastewater do great harm to the 
environment and human health, especially, the grease do tremendous harm to the urban drainage pipe. 
3. Forecast method of the discharge of Beijing restaurant wastewater 
At present, there is not compulsory rules of the emission indexes of restaurant wastewater in our 
country, discharge of restaurant wastewater remain in a state of disorder, massive pollutants do much harm 
to environment. So it is urgent and important to pay attention to the disorder status of restaurant wastewater 
discharge, as well as its gravity of pollution. In addition, with the increase of restaurant wastewater 
discharge, environment pollution caused by restaurant wastewater is aggravated greatly in Beijing, as a 
result, statistics and discharge forecast of Beijing restaurant wastewater is of dual significance and 
importance. 
3.1 Empirical method 
According to corresponding data, restaurant wastewater is 3 percentage of the discharge of urban 
sewage[1]. Using this empirical method, statistic the discharge of urban sewage from 2004 to 2007 in 
Beijing, and then we get the discharge of Beijing restaurant wastewater from 2004 to 2007. As Shown in 
Table 3. 
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Table 3 Statistic data of discharge of  restaurant wastewater in Beijing from 2004 to 2007 
Year 
Urban sewage 
discharge(104m3/d) 
Restaurant wastewater 
discharge(104m3/d) 
2004 280 8.40 
2005  308 9.24 
2006  354 10.62 
2007  356 10.68 
 
According to the trend in the scatter diagram, choose four fitting formula, which are logarithm, Linear, 
power exponent and exponent to curve fit and calculate, and analyze the precision. As shown in Table 4. 
Table 4 Residual standard deviation of fitting formula (data forecast) 
Fitting type Fitting formula 
residual standard 
deviation 
logarithm y=1.7889lnx+8.3139 0.34 
linear y=0.822x+7.68 0.40 
Power 
exponent 
y=8.3428x0.1879 0.33 
exponent y=7.8132e0.086x 0.44 
 
According to Table 4, residual standard deviation of power exponent is least, fitting precision is highest. 
Calculate the discharge of restaurant wastewater in known year by power exponent fitting formula, and 
make a comparison between the results and the actual data. The error is shown as Table 5. 
Table 5 analog data and error check 
Year
Actual 
data(104m3/d) 
Analog 
data(104m3/d) 
Absolute 
error 
Relative 
error(%) 
2004 8.40 8.34 0.06 0.71 
2005 9.24 9.50 -0.26 2.81 
2006 10.62 10.26 0.36 3.39 
2007 10.68 10.83 -0.15 1.40 
It can be seen from Table 5, relative error between analog data and actual data is below 5%, make meet 
with standard. 
Forecast the discharge of restaurant wastewater from 2008 to 2012 in Beijing by fitting formula, 
y=8.3428x0.1879(x represents Year). The result is shown as Table 6. 
Table 6 Forecast result of the discharge of restaurant wastewater from 2008 to 2012 in Beijing 
Year 
Curve fitting 
formula 
x  
Discharge of restaurant 
wastewater(104m3/d) 
2008 
y=8.3428x0.1879 
 
5 11.29 
2009  6 11.68 
2010  7 12.03 
2011  8 12.33 
2012  9 12.61 
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3.2Sector classification method 
Grouped by sector, the distribution of dinner and fast food in Beijing above-norm restaurant industry 
(2004~2007), whose annual turnover is up to 2 million Yuan, and their water discharge. As Shown in Table 
7. 
As the statistic data from Beijing Statistics Bureau show[4], in 2007, the restaurant seats in Beijing 
above-norm restaurant industry is 940931, in which there are 741956 dinner seats and 165580 fast food 
seats. Above-norm restaurant is often chain enterprises, and fast food chain restaurants are much more 
than dinner chain restaurants. So the average number of restaurant seats is represented by total seats 
/chain restaurant. Set there are 3 restaurants of dinner chain enterprise averagely in 2007, 12 restaurants 
of fast food chain enterprise, and 5 other chain restaurants, so there are 168 dinner seats, 120 fast food 
seats, the number of other seats is 117. And the other years are calculated by the same way. We get 
typical value of discharge restaurant wastewater from Table 8, as shown in Table 9. 
Table 7 Relationship of sector classification and the restaurant wastewater discharge  
Year 
The total 
quantity of 
restaurant 
(home) 
Type 
Restauran
t(number)
Typical 
value of 
discharge(
m3/d) 
Discharge 
volume(m
3/d) 
Discharge 
proportion
(%) 
Total 
discharge 
volum 
(104m3/d) 
2004 377 
Dinner 330 30 9900 
13 8.61 Fast food 35 30 1050 
Others 12 20 240 
2005 1255 
Dinner 1120 25 28000 
30 10.15 Fast food 85 20 1700 
Others 50 15 750 
2006 1261 
Dinner 1126 25 28150 
30 10.20 Fast food 86 20 1720 
Others 49 15 735 
2007 1647 
Dinner 1475 20 29500 
30 10.69 Fast food 115 15 1725 
Others 57 15 855 
 
Explanation: typical value of discharge is derived by the relationship of restaurant seats and the 
restaurant wastewater discharge[3]. As shown in Table 8. 
Table 8 the relationship of restaurant seats and restaurant wastewater discharge 
Restaurant seats Restaurant wastewater discharge(m3/d) 
≥800 ≥80 
400~500 40~60 
300~400 30~40 
200~300 20~30 
100~200 15~25 
≤100 5~10 
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Table 9Typical value of discharge 
Year 2004 2005 2006 2007 
Average dinner seats 200~400 200~300 200~300 100~200 
Typical value(m3/d) 30 25 25 20 
Average western food 
seats 
200~400 100~200 100~200 0~200 
Typical value(m3/d) 30 20 20 15 
Other seats 100~200 0~200 0~200 0~200 
Typical value(m3/d) 20 15 15 15 
According to the trend in the scatter diagram, choose four fitting formula, which are logarithm, Linear, 
power exponent and exponent to curve fit and calculate, and analyze the precision. As shown in Table 10. 
According to Table 10, residual standard deviation of logarithm is least, fitting precision is highest. So 
logarithm formula is more accurate in fitting curve. 
Table 10 Residual standard deviation of fitting formula (sector classification) 
Curve fitting type Curve fitting formula Residual standard deviation 
logarithm y=1.4373lnx+8.7706 0.31 
linear y=0.629x+8.34 0.48 
Power exponent y=8.7683x0.1503 0.34 
exponent y=8.3897e0.0654x 0.51 
 
Calculate the discharge of restaurant wastewater in known year by logarithm fitting formula, and 
make a comparison between the results and the actual data. The error is shown as Table 11. 
Table 11 analog data and error check 
Year 
Actual 
data(10000m3/d) 
Analog 
data(10000m3/d) 
Absolute 
error 
Relative 
error(%) 
2004 8.61 8.77 -0.16 1.86 
2005 10.15 9.77 0.38 3.74 
2006 10.20 10.35 -0.15 1.47 
2007 10.69 10.76 -0.07 0.65 
It can be seen from Table 11, relative error between analog data and actual data is below 5%, make 
meet with standard. 
Forecast the discharge of restaurant wastewater from 2008 to 2012 in Beijing by fitting formula, 
y=1.4373lnx+8.7706(x represents Year). The result is shown as Table 12. 
Table 12 Forecast result of the discharge of restaurant wastewater from 2008 to 2012 in Beijing 
Year Curve fitting formula x 
Discharge of restaurant 
wastewater(10000m3/d) 
2008 
y=1.4373lnx+8.7706 
5 11.08 
2009 6 11.35 
2010 7 11.57 
2011 8 11.76 
2012 9 11.93 
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3.3The forecast method of catering industry locations 
With the development of economy, large companies, technology park, CBD business center, foreign 
embassy area and financial street are centered on the Fourth Ring Road; some old and famous shops or 
enterprises are centered on inner suburban district. In 2001, investigation Beijing catering industry shows: 
the catering industry in the Third Ring Road is 50.2 percentages of all the catering industry in Beijing, 
which of outside of the Third Ring Road is 49.8% [5]. For the proportion of catering industry on each ring 
road changes slightly, we calculate the distribution of catering industry on inner suburban district and the 
discharge of restaurant wastewater from 2004 to 2007. As shown in Table 13. 
The above-norm chain restaurants are located inside the Forth Ring Road mostly in Beijing, whose 
average seats are more than outside the Forth Ring Road. However, with the development of economy, 
large catering companies have established branches outside the Forth Ring Road, which narrow the gap 
between restaurant seats inside or outside the Forth Ring Road. By the features above, we get the 
calculation results of typical value. As shown in Table 14. 
Table 13 Relationship of the distribution of catering industry and discharge volume of restaurant wastewater  
Year  
Proportion 
(%) 
Typical 
(m3/d) 
Discharg
e volume 
(m3/d) 
Propor
tion 
(%) 
2004 
Total 100 
Inside the Second Ring Road 25.9 
30 7530 
13% 
The Second Ring Road to the Third Ring Road 24.3 
The Third Ring Road to the Forth Ring Road 16.3 
Satellite towns outside the Forth Ring road 9.3 
25 3150 
Outside the Forth Ring road 24.2 
2005 
Total 100    
Inside the Second Ring Road 25.9 
25 20850 
30% 
The Second Ring Road to the Third Ring Road 24.3 
The Third Ring Road to the Forth Ring Road 16.3 
Satellite towns outside the Forth Ring road 9.3 
20 8420 
Outside the Forth Ring road 24.2 
2006 
Total 100    
Inside the Second Ring Road 25.9 
25 20975 
30% 
The Second Ring Road to the Third Ring Road 24.3 
The Third Ring Road to the Forth Ring Road 16.3 
Satellite towns outside the Forth Ring road 9.3 
20 8440 
Outside the Forth Ring road 24.2 
2007 
Total 100    
Inside the Second Ring Road 25.9 
20 21900 
30% 
The Second Ring Road to the Third Ring Road 24.3 
The Third Ring Road to the Forth Ring Road 16.3 
Satellite towns outside the Forth Ring road 9.3 
20 11040 
Outside the Forth Ring road 24.2 
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Table 14 Calculaition results of typical value 
Year 2004 2005 2006 2007 
Average seats inside the 
Forth Ring Road 
200~400 200~300 200~300 100~200 
Typical value(m3/d) 30 25 25 20 
Average seats outside the 
Forth Ring Road 
200~300 100~200 100~200 100~200 
Typical value(m3/d) 25 20 20 20 
According to the trend in the scatter diagram, choose four fitting formula, which are logarithm, Linear, 
power exponent and exponent to curve fit and calculate, and analyze the precision. As shown in Fig. 15. 
Table 15 residual standard deviation of fitting formula (sector classification) 
Fitting type Fitting formula Residual standard deviation 
logarithm y=1.8084lnx+8.2557 0.39 
linear y=0.833x+7.61 0.43 
Power 
exponent 
y=8.2804x0.1916 0.38 
exponent y=7.7499e0.0874x 0.45 
According to Table 15, residual standard deviation of power exponent is least, fitting precision is 
highest. So power exponent formula is more accurately in fitting curve.  
Calculate the discharge of restaurant wastewater in known year by power exponent fitting formula, and 
make a comparison between the results and the actual data. The error is shown as Table 16. 
Table 16 analog data and error check 
Year 
Actual 
data(104m3/d) 
Analog 
data(104m3/d) 
Absolute 
error 
Relative 
error(%)
2004 8.22 8.26 -0.04 0.49 
2005 9.76 9.51 0.25 2.56 
2006 9.81 10.24 -0.43 4.38 
2007 10.98 10.76 0.22 2.00 
It can be seen from Table 16, relative error between analog data and actual data is below 5%, make 
meet with standard. 
Forecast the discharge of restaurant wastewater from 2008 to 2012 in Beijing by fitting formula, 
y=8.2804x0.1916(x represents Year). The result is shown as Table 17. 
Table 17 Forecast result of the discharge of restaurant wastewater from 2008 to 2012 in Beijing 
Year Curve fitting formula x 
Discharge of restaurant 
wastewater(104m3/d) 
2008 
y=8.2804x0.1916 
5 11.27 
2009 6 11.67 
2010 7 12.02 
2011 8 12.33 
2012 9 12.61 
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3.4Comprehensive method 
The discharge volume data from 2004 to 2007 Used in the three methods above is obtained by 
investigated according to a certain factor, and forecast on the basis of the data, so there must be some error 
in each single method. In order to avoid error caused by a certain factor in forecasting wastewater 
discharge, we choose comprehensive method to combine the three forecast method above, namely, weight 
average the wastewater discharge forecasted by three methods, and then make the average as the basis data 
to curve fit , finally , forecast the restaurant wastewater discharge from 2008 to 2012. As shown in Table 
18. 
Table 18 discharge of restaurant wastewater from 2004 to 2007 forecasted by comprehensive method(10000m3/d) 
Year 
Actual data 
(104m3/d) 
Sector 
classification
Locations of catering 
industry method 
Average discharge of 
restaurant wastewater 
2004 8.40 8.61 8.22 8.41 
2005 9.24 10.15 9.76 9.72 
2006 10.62 10.20 9.81 10.21 
2007 10.68 10.69 10.98 10.78 
4. Analysis and potential of prediction data  
Curve fitting method is a mathematic way to forecast the discharge of restaurant wastewater, which can 
input data and calculate directly by using EXCEL, and generate curve fitting formula by itself. Its 
advantages: need less necessary information, easy to operate, forecast visually and error check is easy. So it 
is easy to forecast the discharge of Beijing restaurant wastewater by the way above, and it provides a basis 
for treating Beijing restaurant wastewater, reducing the harm to municipal pipe, relieving the loading of 
waste treatment plant, and protecting environment.  
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